A common neural system mediating two different forms of social judgement by Hall, Jeremy et al.
A common neural system mediating two diﬀerent
forms of social judgement
J. Hall1*, H. C. Whalley1, J. W. McKirdy1, R. Sprengelmeyer2, I. M. Santos3, D. I. Donaldson4,
D. J. McGonigle5, A. W. Young6, A. M. McIntosh1, E. C. Johnstone1 and S. M. Lawrie1
1 Division of Psychiatry, University of Edinburgh, Edinburgh, UK
2 School of Psychology, University of St Andrews, St Andrews, UK
3 Department of Educational Sciences, University of Aveiro, Campus Universitario de Santiago, Aveiro, Portugal
4 Psychology Department, University of Stirling, Stirling, UK
5 Schools of Psychology and Biosciences, University of Cardiﬀ, Cardiﬀ, UK
6 Department of Psychology and York Neuroimaging Centre, University of York, York, UK
Background. A wide range of neuropsychiatric conditions, including schizophrenia and autistic spectrum disorder
(ASD), are associated with impairments in social function. Previous studies have shown that individuals with
schizophrenia and ASD have deﬁcits in making a wide range of social judgements from faces, including decisions
related to threat (such as judgements of approachability) and decisions not related to physical threat (such as
judgements of intelligence). We have investigated healthy control participants to see whether there is a common
neural system activated during such social decisions, on the basis that deﬁcits in this system may contribute to the
impairments seen in these disorders.
Method. We investigated the neural basis of social decision making during judgements of approachability and
intelligence from faces in 24 healthy participants using functional magnetic resonance imaging (fMRI). We used
conjunction analysis to identify common brain regions activated during both tasks.
Results. Activation of the amygdala, medial prefrontal cortex, inferior prefrontal cortex and cerebellum was seen
during performance of both social tasks, compared to simple gender judgements from the same stimuli. Task-speciﬁc
activations were present in the dorsolateral prefrontal cortex in the intelligence task and in the inferior and middle
temporal cortex in the approachability task.
Conclusions. The present study identiﬁed a common network of brain regions activated during the performance
of two diﬀerent forms of social judgement from faces. Dysfunction of this network is likely to contribute to the
broad-ranging deﬁcits in social function seen in psychiatric disorders such as schizophrenia and ASD.
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Introduction
Awide range of neuropsychiatric disorders are associ-
ated with impairments in social cognition. Particularly
prominent deﬁcits in social interaction are seen in
schizophrenia and autistic spectrum disorder (ASD).
Impaired social function is a key diagnostic feature of
schizophrenia in the DSM-IV classiﬁcation, and has
been shown to relate to long-term prognosis (APA,
1994). Similarly, diﬃculties with social interactions
and communication are part of the core pathology of
autism and account for much of the disability as-
sociated with the disorder (APA, 1994).
Facial expressions are a major cue used in social in-
teractions (Darwin, 1872 ; Haxby et al. 2002 ; Adolphs,
2003). Behavioural studies have demonstrated deﬁcits
in social judgement from faces in schizophrenia and
ASD. The majority of studies have investigated the
ability of aﬀected individuals to identify basic
emotional expressions from faces. Patients with
schizophrenia have been shown to have deﬁcits in the
recognition of negative facial emotions, especially
during psychotic episodes (Mandal et al. 1998 ;
Edwards et al. 2002 ; Marwick & Hall, 2008). Indi-
viduals with ASD have also been shown to have
impairments in facial emotion recognition, with some
studies ﬁnding a particular deﬁcit for the emotion of
fear whereas other studies report a more pervasive
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deﬁcit (Hobson et al. 1988 ; Celani et al. 1999 ; Howard
et al. 2000 ; Adolphs et al. 2001 ; Pelphrey et al. 2002).
Fewer studies have investigated the ability of indi-
viduals with schizophrenia and autism to make more
complex social judgements from faces. The available
studies have focused on decisions related to threat,
particularly judgements of approachability and trust-
worthiness from faces. There is evidence that ap-
proachability and trustworthiness judgements are
abnormal in schizophrenia, an eﬀect that may be more
pronounced in paranoid individuals (Hall et al. 2004 ;
Baas et al. 2008b ; Pinkham et al. 2008). Similarly,
individuals with ASD have also been shown to have
impairments in rating approachability and trust-
worthiness from faces (Adolphs et al. 2001), and in
labelling complex emotions from images of eyes
(Baron-Cohen et al. 2001).
In previous work we have demonstrated deﬁcits in
patients with schizophrenia and ASD in making social
judgement from faces using a battery of tests covering
a range of diﬀerent social dimensions (Hall et al. 2004 ;
Philip et al. in press). Patients with both disorders
showed deﬁcits in social judgement that were not
restricted to aﬀective, threat-related decisions (such
as approachability) but extended to judgements of
intelligence and distinctiveness from faces (Hall et al.
2004 ; Philip et al. in press). These results suggest that a
common system underlying a wide range of social
judgements from faces is disrupted in both schizo-
phrenia and ASD (Brothers, 1990; Haxby et al. 2000,
2002 ; Adolphs, 2003 ; Brunet-Gouet & Decety, 2006 ;
Amaral et al. 2008 ; Pinkham et al. 2008).
Previous imaging studies of social cognition have
implicated several brain regions in social decision
making, including the amygdala, medial prefrontal
cortex, orbitofrontal cortex and lateral temporal cortex
(Winston et al. 2002 ; Adolphs, 2003 ; Amodio & Frith,
2006 ; Winston et al. 2007 ; Baas et al. 2008a). The
amygdala in particular has been noted to be activated
in relation to potential social threat, and has been
hypothesized to act as a reﬂexive monitor of danger
(Dolan & Vuilleumier, 2003). However, few studies
have investigated the neural basis of less overtly
threat-related social decisions, such as judgements of
intelligence from faces. To our knowledge, no pre-
vious studies have directly compared brain activation
during more than one test of social judgement.
In the current study we investigated the neural
basis of social judgements for both overtly aﬀective,
threat-related social judgements (judgements of ap-
proachability) and social judgements that do not relate
directly to the evaluation of physical threat (judge-
ments of intelligence), both of which are impaired
in schizophrenia and ASD (Hall et al. 2004 ; Philip
et al. in press). We investigated the basis of such
judgements in healthy control subjects to help
elucidate the neural basis of the cognitive function
disturbed in neuropsychiatric disorders such as
schizophrenia and ASD, while avoiding the potential
confounds of scanning studies of individuals with
these disorders (such as diﬀerential task performance).
We hypothesized that a common set of brain regions
would be required for both types of social decision,
impairments in which are likely to underlie the deﬁcits
seen in social cognition in schizophrenia and autism
(Brothers, 1990 ; Brunet-Gouet & Decety, 2006 ; Amaral
et al. 2008).
Method
Participants
Twenty-four right-handed volunteers participated
in the study [12 males, 12 females ; mean age 29.3
(S.D.=8.3) years ; mean IQ 115.3 (S.D.=5.6)]. Exclusion
criteria included a history of neurological or psychi-
atric disorder. All participants gave informed consent
as approved by the Local Research Ethics Committee.
Experimental design
Two tests of social cognition were performed com-
prising judgements of approachability or intelligence
from faces (Hall et al. 2004; Santos & Young, 2008). In
the approachability task, participants had to decide
whether faces appeared ‘not approachable ’ or ‘very
approachable ’. In the intelligence task, participants
had to decide whether the faces appeared ‘not intelli-
gent ’ or ‘very intelligent ’. The control condition for
each task consisted of categorically rating gender from
the same faces, with the stimuli used for this and the
main task being counterbalanced across participants.
Facial stimuli were selected as described previously
(Hall et al. 2004; Santos & Young, 2008). In brief, 1000
pictures of faces derived from media sources, all of
non-famous adults, were shown to six volunteer par-
ticipants and were rated for approachability and in-
telligence on a scale of 1–7. The faces were highly
reliably rated on both social dimensions across all
raters (p<0.01, Cronbach’s a=0.79 for approach-
ability judgements and 0.75 for intelligence judge-
ments). Faces representing the extremes of each social
dimension were selected as stimuli for the neuroimag-
ing task. Notably, there was a low overall correlation
(0.26) between decisions made on the approachability
and intelligence judgement tasks, suggesting that
these tasks test diﬀerent dimensions of social judge-
ment (Santos, 2003).
Two sets of facial stimuli (A and B) were assembled
for each task. The sets consisted of 18 male and 18
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female faces each. The faces of each sex were selected
to maximize the diﬀerence across each social dimen-
sion examined (for example, in the approachability
condition, nine high approachability faces and nine
low approachability faces of each gender per set). For
each participant one set of faces was used for social
judgements and the other set of faces was used for
gender judgements. The use of the stimulus sets was
counterbalanced across participants such that half the
participants made social judgements from stimulus set
A and control gender judgements from stimulus set B
and half the participants made social judgements from
stimulus set B and control gender judgements from
stimulus set A.
Both social judgement tasks (approachability and
intelligence) were constructed to consist of two runs of
six blocks per run. For each task, blocks of the social
judgement (‘Social ’ condition) were alternated with
blocks of gender judgement (‘Gender’ condition) and
the order of the blocks was counterbalanced across
participants. Each block was 25 s in duration and
blocks were separated by a rest period of 12.5 s during
which participants were instructed to ﬁxate on a cross
in the centre of the screen (‘Rest ’ condition). Blocks
commenced with a 1 s visual prompt of the nature
of the task to be performed (e.g. ‘Approachability ’).
Six faces were then presented in each block. Each face
was presented for 3.5 s separated by a 0.5 s inter-
stimulus interval (ISI). Faces were presented in one of
four ﬁxed pseudo-random orders, counterbalanced
across participants, with the constraint that no more
than three faces of one end of the dimension should
be presented sequentially. The alternative response
choices were shown on the screen throughout the task
block (e.g. ‘not approachable ’ and ‘very approach-
able ’) and participants had to press one of two buttons
to indicate which response they felt was most appro-
priate for each face shown. Participants were able to
respond at any time during the 3.5 s face presentation
or during the subsequent 0.5 s ISI. Responses on the
social judgement tests were scored according to their
agreement with the response most commonly selected
in the ratings study, with a maximum score of 36 in
each category. Reaction times were recorded for all
judgements made in the scanner. Behavioural data
from the scanning session were unavailable for one
participant due to technical error ; however, the par-
ticipant reported completing the task and this was
conﬁrmed by real-time behavioural monitoring dur-
ing the scanning session and therefore imaging data
from this participant were included. The overall order
of tasks (intelligence or approachability) was counter-
balanced across participants.
Participants were instructed in how to perform the
task prior to the commencement of testing and were
given a short practice version of the tasks, consisting of
a block of each judgement.
Image acquisition
Imaging was performed at the SFC Brain Imaging
Research Centre in Edinburgh using a GE 1.5 T Signa
scanner (GE Medical, USA). After a localizer scan,
participants underwent four functional scanning runs
[two runs each of approachability and intelligence
tasks ; 99 volumes/session; ﬁeld of view 22 cm; echo
time (TE) 40 ms; repetition time (TR) 2.5 s]. Inter-
leaved axial slices were acquired with a thickness of
5 mm and a matrix size of 64r64. The ﬁrst four echo-
planar images (EPIs) in each run were discarded to
avoid T1 equilibrium eﬀects.
Image processing and analysis
The EPIs were reconstructed oﬄine in ANALYZE
format (Mayo Foundation, USA). Image analysis was
conducted using SPM2 (Statistical Parametric Map-
ping; Wellcome Department of Cognitive Neurology
and collaborators, Institute of Neurology, London,
UK). Pre-processing consisted of re-orientation of the
images and realignment to the mean EPI image, fol-
lowed by normalisation to the standard Montreal
Neurological Institute (MNI) EPI template and spatial
smoothing using a Gaussian kernel (8 mm3 full-width
at half-maximum). The participant’s data were ﬁltered
in time using a high-pass ﬁlter (150 s cut-oﬀ) and
temporal autocorrelations were accounted for by
using an AR(1) model.
Statistical analysis was performed using the general
linear model approach as implemented in SPM2. At
the individual participant level the data for each task
were modelled with three conditions (Social, Gender
and Rest), each modelled by a boxcar convolved with
a canonical haemodynamic response function. Par-
ameters representing the participants’ movement
during the scan were also entered into the model as
covariates of no interest. Contrast images were gener-
ated for each participant for the principal contrast of
interest (Social versus Gender) representing the pair-
wise comparison of parameter estimates for the con-
ditions. One contrast image per participant was then
entered into a second-level random eﬀects analysis to
examine regions of signiﬁcant activation across the
group using a one-sample t test.
A conjunction analysis was performed to determine
which areas showed common activation across the
two social cognition tasks. This is equivalent to a
logical AND function. For the conjunction analysis a
one-way ANOVA was constructed with task as the
grouping variable and one contrast image per task was
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entered into each group for each participant. t tests
were conducted to determine the main eﬀects of each
task and conjoint activation across the tasks was de-
termined by inclusive masking of the main eﬀects of
one task with the other at a threshold of p<0.001.
Identical results were also obtained using the pro-
cedure described by Nichols et al. (2005).
All statistical maps were thresholded at a level of
p<0.001 uncorrected and regions were considered
signiﬁcant at p<0.05 at the cluster level, corrected for
multiple comparisons (cluster correction across whole
brain volume as implemented in SPM2). Region of
interest (ROI) analysis was conducted for the bilateral
amygdala using a small volume correction (SVC) de-
rived from the automated anatomical labelling atlas in
WFU_PickAtlas v.2.0 dilated by 1 voxel to incorporate
the full extent of the amygdala complex (Tzourio-
Mazoyer et al. 2002 ; Maldjian et al. 2003).
Results
Behavioural data
Behavioural data were recorded from participants as
they completed the tasks in the scanner. Responses on
both tasks showed a high degree of reproducibility
across participants. The mean scores (out of 36) on the
approachability task were 31.5 (S.D.=4.1) for social
judgements and 34.8 (S.D.=1.0) for gender judge-
ments. The mean scores on the intelligence task were
29.3 (S.D.=3.7) for social judgements and 35.1 (S.D.=
1.0) for gender judgements. There was no signiﬁcant
diﬀerence in performance between the approach-
ability and intelligence tasks (p>0.05). Participants
performed the gender judgements more accurately
than the social judgements in both tasks (p<0.01
in both cases). The mean reaction times (RTs) during
the approachability task were 1316 ms (S.D.=237) for
social judgements and 1056 ms (S.D.=182) for gender
decisions. The mean RTs during the intelligence task
were 1550 ms (S.D.=237) for social judgements and
1072 ms (S.D.=182) for gender decisions. Analysis of
the RT data revealed that gender judgements were
performed more quickly than social judgements in
both tasks (p<0.001 in both cases), with no diﬀerence
in the RTs for gender judgements between the two
tasks (p>0.8). Approachability judgements were
made signiﬁcantly more quickly than judgements of
intelligence (p=0.003).
Neural responses during judgements of
approachability from faces
To investigate neural responses related to judgements
of approachability, we compared blood oxygen level-
dependent (BOLD) activations during approach-
ability to those during judgements of gender [Table 1
and Figs 1(a) and 2]. Notably, the two stimulus sets
were counterbalanced across subjects, such that half
the subjects made approachability judgements on
Table 1. Brain regions activated during judgements of approachability and intelligence from faces
pcorr KE Peak T Coordinates (MNI) Location of peak voxel
Approachability judgements versus gender judgements
<0.001 4852 7.02 x8, 56, 44 L Medial prefrontal
<0.001 1461 7.52 x30, 18,x24 L Inferior frontal gyrus
<0.001 856 5.78 50,x6,x34 R Inferior temporal gyrus
0.002 525 4.61 x52,x24,x12 L Middle temporal gyrus
<0.001 874 5.17 30,x88,x38 R Cerebellum
<0.001 1393 6.59 x24,x90,x38 L Cerebellum
0.029a 23 3.96 18, 2,x18 R Amygdala
0.035a 17 3.88 x22,x8,x20 L Amygdala
Intelligence judgements versus gender judgements
<0.001 6479 9.05 x10, 20, 54 L Medial prefrontal
<0.001 2877 8.35 x50, 28, 2 L Inferior frontal gyrus
<0.001 2388 9.37 52, 18, 42 R Dorsolateral prefrontal
(extending to R inferior frontal gyrus)
<0.001 1259 6.37 x10, 14, 10 L and R Caudate nucleus
0.005 306 5.58 0,x18,x22 Peri-aqueductal grey
<0.001 6274 9.19 x48,x66,x34 L Cerebellum (extending to R cerebellum)
0.007a 61 4.80 20,x2,x16 R Amygdala
0.008a 67 4.86 x14,x6,x18 L Amygdala
L, Left ; R, right.
aWithin a bilateral amygdala small volume correction (SVC).
1186 J. Hall et al.
stimulus set A and gender judgements on stimulus set
B and the other half made gender judgements on
stimulus set A and approachability judgements in
stimulus set B. The contrast of approachability judge-
ments versus gender judgements revealed signiﬁcant
task-related activations in the anterior and superior
medial prefrontal cortex bilaterally [Brodmann area
(BA) 6 and BA 9], with the peak activation seen on the
left. In addition, bilateral activation of the inferior
frontal gyrus was seen extending to the insula (BA 45/
47), which on the left formed part of a contiguous
cluster extending into the inferior temporal cortex.
Bilateral activation was present in the posterior cer-
ebellum and the inferior temporal gyrus (BA 20) ex-
tending into the temporal poles. Unilateral activation
was demonstrated in the left middle temporal gyrus
(BA 21). Bilateral activation of the amygdala was
observed during approachability judgements (com-
pared to gender judgements), which reached corrected
signiﬁcance within an anatomically deﬁned ROI.
Neural responses during judgements of intelligence
from faces
We next investigated brain activation during judge-
ments of intelligence compared to judgements of gen-
der from matched stimuli (Table 1 and Figs 1b and 3).
This contrast revealed signiﬁcant bilateral activation in
the dorsal medial prefrontal cortex (BA 6) extending
into the rostral prefrontal cortex (BA 9) with more
prominent activation on the left side. Bilateral acti-
vation was also seen in the inferior frontal gyrus ex-
tending posteriorly to the insula on the left (BA 45/47)
and in the posterior cerebellum. No activation was
seen in the inferior or middle temporal regions.
However, activation was seen in the right dorsolateral
prefrontal cortex (BA 9) and bilaterally in the caudate
nucleus, areas that were not active during approach-
ability judgements. In addition, there was a signiﬁcant
cluster of activation extending from the midbrain in
the region of the peri-aqueductal grey through the
amygdala bilaterally and incorporating part of the
hypothalamus.
(a)
(b)
(c)
Fig. 1. Brain regions activated during social judgement. Statistical maps of task activations rendered on a whole brain image
showing : (a) approachability judgements versus gender judgements, (b) intelligence judgements versus gender judgements and
(c) conjunction of approachability and intelligence judgements. Images thresholded at p<0.001 uncorrected.
(a) (b)
(c) (d)
Fig. 2. Statistical parametric maps (SPMs) showing peak
activations during approachability judgements in (a) left
medial prefrontal cortex, (b) left inferior prefrontal cortex,
(c) right amygdala and (d) left cerebellum. SPMs thresholded
at p<0.001.
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Conjunction analysis
We next investigated whether there was a common
network of brain regions showing task-related acti-
vation in both the approachability and intelligence
tasks. To do this we conducted a conjunction analysis
to produce a statistical map of voxels activated at
p<0.001 uncorrected in both tasks. We then used this
map to identify clusters showing signiﬁcant activation
across the two tasks with a corrected cluster signiﬁ-
cance of p<0.05. In addition, we looked for conjunc-
tional activation of the amygdala across the two tasks
at cluster p<0.05 corrected within a bilateral amyg-
dala ROI.
Areas showing a signiﬁcant conjunction of acti-
vation across the two tasks are shown in Table 2 and
Fig. 1c. Common activation was seen in the superior
and anterior medial prefrontal cortex (BA 6 and BA 9),
bilateral inferior frontal cortex (BA 45/47) extending
into the insula on the left, and bilateral posterior cer-
ebellum. ROI analysis also identiﬁed signiﬁcant clus-
ter-level conjunctional activation in both the left and
right amygdala.
Discussion
Impairments in social cognition are major features of
psychiatric disorders including schizophrenia and
ASD. We have previously shown that both schizo-
phrenia and ASD are associated with impairments in
making a wide range of social judgements, including
judgements of approachability and intelligence from
faces, using the same tasks behaviourally as used in
the current study (Hall et al. 2004 ; Philip et al. in press).
Here we have used functional magnetic resonance
imaging (fMRI) to investigate whether there is a com-
mon neural system underlying such social judgements
in health, impairments in which could account for the
deﬁcits seen in these disorders. Our results conﬁrm
that there is a common set of brain regions activated
during judgements of both approachability and in-
telligence from faces that includes the amygdala,
medial prefrontal cortex, inferior prefrontal cortex and
cerebellum.
Bilateral amygdala activation was seen in both
tasks. The amygdala has previously been implicated
in social judgement, especially for tasks with an ex-
plicitly aﬀective nature (Adolphs, 2003 ; Adolphs
& Spezio, 2006). Lesions of the amygdala result in
impairments in judgements of trustworthiness and
approachability, and amygdala activation has been
demonstrated in functional imaging tasks to faces
rated as untrustworthy (Adolphs et al. 1998 ; Winston
et al. 2002). Studies of facial emotion processing have
also demonstrated a central role of the amygdala in
detecting negative emotions such as fear in faces
(Adolphs et al. 1994, 1999 ; Breiter et al. 1996 ; Morris
et al. 1996). Taken together, these results have led to
the suggestion that the role of the amygdala in social
judgement is to act as an implicit detector of threat
or hostility (Dolan & Vuilleumier, 2003). The current
ﬁndings, however, support a broader involvement of
the amygdala in social judgement. Activation of the
amygdala was seen not only in the approachability
task, which is clearly threat related in nature, but also
during the intelligence judgement task, which is not
primarily related to threat. In addition, greater amyg-
dala activation was seen during social judgements
than during gender judgements from the same faces
(across subjects), indicating a role of the amygdala in
social judgement that extends beyond automatic re-
sponding to features of facial stimuli related to threat
(Baron-Cohen et al. 1999). These results are consistent
with a general role of the amygdala in inferring others’
mental states (the so-called ‘ theory of mind’) (Kling &
Brothers, 1992 ; Baron-Cohen et al. 1999 ; Fine et al.
2001), a view supported by lesion studies showing that
amygdala damage results in impairments in a wide
range of social judgements from faces (Adolphs et al.
1998 ; Adolphs et al. 2002 ; Stone et al. 2003 ; Shaw et al.
2005) and deﬁcits in non-facial theory of mind tasks
(Fine et al. 2001 ; Stone et al. 2003).
The medial prefrontal cortex, particularly on the
left, has been shown to be activated in tasks testing
social decision making and theory of mind
(a) (b)
(c) (d)
Fig. 3. Statistical parametric maps (SPMs) showing peak
activations during intelligence judgements in (a) left medial
prefrontal cortex, (b) left inferior prefrontal cortex, (c) right
amygdala and (d) left cerebellum. SPMs thresholded at
p<0.001.
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judgements (Amodio & Frith, 2006 ; Brunet-Gouet
& Decety, 2006), leading to the suggestion that this
brain region may have a central role in forming
higher-level representations about the intentions of
others (Amodio & Frith, 2006). Meta-analyses of neuro-
imaging studies have conﬁrmed the involvement of
the medial prefrontal cortex in emotional and social
tasks and have suggested that more rostral regions
of the medial prefrontal cortex may be preferentially
involved in ‘aﬀective ’ tasks whereas more dorsal
regions may be selectively activated during more
‘cognitive ’ processing (Bush et al. 2000 ; Steele &
Lawrie, 2004). In this regard it is of interest that the
peak activation in the intelligence judgement task was
more dorsal than that in the approachability task.
Conjunction analysis, however, revealed that there
was considerable overlap in the regions of the medial
prefrontal cortex activated in the two tasks in the cur-
rent study, demonstrating that a core region of medial
prefrontal cortex is activated across diﬀerent social
judgements.
The inferior prefrontal cortex and anterior insula
were activated in both tasks and have been shown
previously to operate as part of the mirror neuron sys-
tem (Gallese et al. 2004 ; Rizzolatti & Craighero, 2004).
The pars opercularis is recruited during the execution
of an action and the observation of the same action in
others, whereas the pars orbitalis and the insula have
been shown to play a similar role in representing
emotional states in the self and others (Craig, 2002 ;
Decety & Chaminade, 2003 ; Gallese et al. 2004 ; Singer
et al. 2004). Mirror activation in these brain regions is
thought to underlie the generation of an internal state
in the observer similar to that present in the observed
subject (Carr et al. 2003 ; Gallese et al. 2004). Activation
of these brain regions has been seen in social judge-
ment tasks (Baron-Cohen et al. 1999 ; Russell et al. 2000)
and may reﬂect the generation of a subjective rep-
resentation of the aﬀective state of others used to guide
decision making (Gallese et al. 2004).
The posterior lobe of the cerebellum showed bi-
lateral activation in both tests of social cognition in
the current study and has previously been implicated
in theory of mind judgements (Brunet et al. 2000 ;
Calarge et al. 2003). Lesions to this brain region result
in the cerebellar cognitive aﬀective syndrome, which
includes deﬁcits in executive function, personality
changes and alterations in social function including
inappropriate behaviour (Schmahmann & Sherman,
1998 ; Schmahmann, 2004). The posterior cerebellum
has extensive reciprocal connections through the pons
to prefrontal, temporal and limbic regions and may
play a role in the coordination of higher cognitive func-
tion including social judgement (Schmahmann, 2004).
A more limited set of brain regions showed selec-
tive activation in only one of the social judgement
tasks tested. Activation of the right dorsolateral pre-
frontal cortex was seen only in the intelligence judge-
ment task. An increased BOLD signal was also seen
in the intelligence task in the head of the caudate nu-
cleus, the striatal projection area of the dorsolateral
prefrontal cortex. These regions may represent a
functional circuit recruited during social judgements
of a more cognitive and less aﬀective nature. Lesions
of the dorsolateral prefrontal cortex have been shown
to result in impairments in the ability of subjects to
use social cues to make interpersonal judgements,
supporting a functional role of the dorsolateral pre-
frontal cortex in some forms of social decision making
(Mah et al. 2004). Activation of the dorsolateral pre-
frontal cortex and caudate nucleus may also relate to
the overall cognitive load, as the RT data indicate that
the intelligence judgement task is more cognitively
demanding than the approachability task. By contrast,
activation of the inferior temporal cortices extending
to the temporal pole and the left middle temporal
cortex was only seen in the approachability task.
Temporal lobe regions, including the temporal poles
and middle and inferior temporal cortices, have been
implicated in theory of mind judgements and in
Table 2. Brain regions showing signiﬁcant activation in both social judgement tasks as assessed by conjunction analysis
pcorr KE Peak T Coordinates Location of peak activation
Areas showing signiﬁcant activation in conjunction analysis
<0.001 4717 6.71 x10, 16, 66 L Medial prefrontal – dorsal (BA 6)
<0.001 943 5.71 x40, 22,x14 L Inferior frontal gyrus (BA 45/47)
0.003 477 4.11 46, 24,x16 R Inferior frontal gyrus (BA 45/47)
<0.001 2957 5.62 32,x86,x40 L and R cerebellum
Amygdala ROI
0.030 21 3.80 x20,x8,x20 L Amygdala
0.044 10 3.74 18, 0,x16 R Amygdala
L, Left ; R, right ; BA, Brodmann area ; ROI, region of interest.
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assessing and empathizing with facial aﬀect (Carr et al.
2003 ; Gallagher & Frith, 2003 ; Kim et al. 2005 ; Vollm
et al. 2006). Activity in these regions may therefore
be required to access mnemonic information used in
social judgement, especially in relation to decisions of
an aﬀective nature.
The present study represents a large neuroimaging
investigation of the neural basis of social judgements ;
however, some limitations of this study should be
noted. First, we used a blocked design comparing
social judgements to gender judgements, comparable
to tasks in which we have previously shown patient
groups to be impaired (Hall et al. 2004 ; Philip et al.
in press). Although this is a statistically powerful
method, the design of the task did not enable us
to separately investigate stimulus- and task-driven
neural responses, or the interaction between these
factors. A fuller analysis of these features would re-
quire an event-related or mixed blocked and event-
related design as used in some previous investigations
of social judgement (Winston et al. 2002, 2007 ; Baas
et al. 2008a). Second, although a strength of the current
study was the investigation of two diﬀerent social
judgements, practical limitations prevented the inves-
tigation of the neural basis of a broader range of social
decisions. Third, we cannot entirely exclude the possi-
bility that judgements of intelligence are also to some
degree threat related, although previous evidence
suggests that there is only a very low correlation be-
tween performance on approachability and intelli-
gence judgements (Santos, 2003). Fourth, the gender
judgements used as the comparison condition them-
selves represent a form of social judgement ; however,
gender judgements were performed uniformly more
accurately and rapidly than social judgements in
the current study, conﬁrming that they represent a
constrained but cognitively less demanding control
condition. These caveats notwithstanding, the identi-
ﬁcation of a common brain network involved in both
tasks strongly implicated abnormalities in these brain
regions, or their coordinated interaction, in the patho-
genesis of deﬁcits in social cognition in neuro-
psychiatric disorders such as schizophrenia and ASD
and other conditions in which social deﬁcits feature
prominently, including personality disorders (Baron-
Cohen et al. 1999 ; Pinkham et al. 2003 ; Abdi & Sharma,
2004 ; Brunet-Gouet & Decety, 2006 ; Amaral et al.
2008).
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